A fragment of DNA from the yeast nuclear gene MST1 that codes for the mitochondrial tRNA^h r synthetase was used as a probe to screen for other yeast threonyl-tRNA synthetase genes. At low stringency, the MST1 probe hybridizes strongly to a 6.6 kb EcoRl fragment of yeast genomic DNA with the homologous gene and in addition hybridizes more weakly to a smaller 3.6 kb EcoRl fragment with a second threonyl-tRNA synthetase gene (THS1). To clone THS1, a library was constructed by ligation to pUC18 of size selected (3-4.5 kb) EcdSl fragments of genomic DNA. Several clones containing the 3.6 kb EcoRl fragment were isolated. A 2,202 nucleotide long open reading frame corresponding to THS1 has been identified in the cloned fragment of DNA. The predicted protein encoded by THS1 is 38% identical to the E. coli threonyl-tRNA synthetase over the latter's length (642 amino acids) and is 42% identical to the predicted MST1 product over its 462 residues. In situ disruption of the chromosomal copy of THS1 is lethal to die cell, indicating that this gene codes for the cytoplasnric direonyl-tRNA synthetase.
INTRODUCTION
At present there are only a few reported instances of yeast mutants with defective cytoplasmic tRNA synthetases (1) (2) (3) (4) (5) . As a result only a small number of the genes have been cloned by transformation, and there is relatively little known about die extent to which the eucaryotic syndietases have diverged from the better studied procaryou'c enzymes. In the present study we demonstrate that it may be feasible to isolate the genes for the yeast cytoplasmic aminoacyl-tRNA synthetases by using yeast mitochondrial synthetase probes.
We have recently reported die cloning of the yeast nuclear gene MST1 (6) . This gene was shown to code for a mitochondrial aminoacyl-tRNA synthetase that charges the tRNA 1^ with the anomalous 3'-GAU-5' anticodon (6) . Mutations in this synthetase gene were found to abolish charging of tRNA^ but had no effect on charging of tRNA^1 whose anticodon recognizes the conventional ACN family of codons (6) . Due to a high degree of homology between die MST1 gene and the gene coding for the yeast cytoplasmic direonyl-tRNA synthetase (here referred to as THS1), we were able to use an MST1 probe to select bacterial clones harboring recombinant plasmids with the THS1 gene. Further characterization of this gene has revealed that of the two known yeast threonyl-tRNA synthetases, die cytoplasmic species is more closely related to the procaryotic enzyme, both in size and primary sequence.
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MATERIALS AND METHODS
Strains and media: The strains of Saccharomyces cerevisiae and the composition of media have been described previously (6) .
Preparative and analytical procedures: Procedures for the preparation of plasmid DNA, yeast genomic DNA and their subsequent analyses are identical to those described previously (6, 7) .
Construction and screening of the yeast genomic library: Chromosomal DNA purified from S. cerevisiae D273-10B was digested to completion with EcoRI. The digestion products were separated on a preparative 1% agarose gel (8) , and fragments ranging from 3 to 4.5 kb were recovered by electroelution. The DNA was extracted twice with water-saturated phenol, four times with ether, and was precipitated with alcohol from 2 M ammonium acetate. Following ligation to the EcoKL site of pUC18 (9), the mixture was used to transform E. coli RR1. Transformants were selected on 1.75% Antibiotic Medium #3 (Difco) containing 40 ug/ml ampicillin. Approximately 3,000 ampicillin resistant colonies were screened with a nick-translated fragment of DNA (BglU-HinaTS) from the MST1 gene coding for residues 45-163 of mitochondrial tRNA^"' synthetase (6) . The transformant colonies were transferred to two separate nitrocellulose circles prewetted on an ampicillin plate (10) . These were incubated face up at 37° C on fresh ampicillin medium. The colonies on the nitrocellulose filters were lysed and washed as described by Grunstein and Hogness (10) . Hybridizations were done at 37° C for 36 hours in 43% formamide, 6x SSC, 0.1% sodium dodecyl sulfate (SDS), 5X Denhardt's, 50 mM NaPO 4 pH 6.5, 100 ng/ml salmon sperm DNA (11) and in duplicate at 30% formamide. Approximately 10 7 cpm was added to 6 ml of the hybridization solution. The filters were washed two times at room temperature with 2x SSC, 0.1% SDS, and an additional two times at 50° C for 15 min in 2x SSC, 0.1% SDS (11) . Colonies that gave positive signals under both hybridization conditions were purified and screened a second time as above except that Whatman 541 paper (12) was used instead of nitrocellulose.
Southern hybridizations: Yeast genomic DNA was separated electrophoreticallly on 1% agarose after digestion with restriction endonucleases and processed by the method of Southern (13) . High stringency hybridizations were done either at 65° in 6x SSC, 0.01 M EDTA, 0.5% SDS, 5x
Denhardt's, 100 ug/ml salmon sperm DNA or at 45° in the same buffer with 50% fonnamide. For low stringency hybridizations, the temperature was reduced to 37° with either 43% or 30% formamide added to the standard buffer.
DNA sequence analysis: The sequence of the THS1 gene was derived from the insert of pUC18/THSl. Ci/mmol, ICN) in die presence of T4 polynucleotide kinase. Following denaturation, single strands were separated on 4% poryacrylamide and sequenced by the method of Maxam and Gilbert (14) . Most of the sequence was confirmed on both strands.
Extraction of cytoplasmic tRNAs and amJnoacyl-tRNA rvnthetases: Cytoplasmic tRNAs were isolated from D273-10B p° as described (15) . S. cerevisiae aW303-lB and an aW303-lB transformant con- (Table I) .
In situ disruption of THS1
In order to determine whether THS1 codes for a cytoplasmic or mitochondrial threonyl-tRNA synthetase, the chromosomal copy of the gene was disrupted by gene substitution ( 
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His Asp Ala Gly Phe Tyr Ala Asp Val Asp Leu Thr Gly Asn Thr Leu Gin Lys Lys Val Arg Asn Gly Gin Met +1951 CAC GAT GCT 6SC TTC TAT GCC SAT GTC GAT TTG ACT GST AAC ACT CTG CAA AAG AAS GTC ASA AAC G6G CAA ATG
TiqT" (Fig. 7) .
Leu Lys Tyr Asn Phe He Phe He Val Gly Glu Gin Glu Met Asn Glu Lys Ser Val Asn lie Arg Asn Arg Asp
A more informative comparison of the three protein sequences is presented in Fig. 7 where the (Table HI) . Saturating 
